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A B S T R A C T
Giardia cysts stained with hot carbolfuchsin were used as internal controls in a concentration method for surface
water samples. The morphological integrity of stained cysts and the stain's stability and intensity were tested
with each of the chemical reagents used in the aluminum sulfate ﬂocculation method. No alterations in mor-
phology or color were noted. The stained cyst preparation has a low cost, high stability, and suitability for both
light and immunoﬂuorescent microscopy, making it aﬀordable to researchers in low- and middle-income
countries.
Giardiasis is a worldwide distributed parasitic infection included
since 2004 in the “Neglected Diseases Initiative”, a heterogeneous
group of parasitic, bacterial and viral infections that occur mostly in
developing countries, related to poverty, lack of access to public and
medical services [1,2]. Efstratiou et al., [3] reported 142 waterborne
diarrhea outbreaks caused by Giardia spp. from 2011 to 2016, from a
limited number of developed countries. In middle and low income
countries there are scarce reports of Giardia outbreaks due to the lack of
governmental systems for documentation of water parasitic protozoa in
water supply [3].
Giardia infection is acquired by the ingestion of cysts present in
contaminated water or food [1,4]. Giardia cysts are highly resistant in
the aquatic environments and to disinfectants, such as the usual
chlorine concentration applied in water treatment plants [5]. Further-
more, Giardia cysts are highly infectious; as few as 10 cysts may cause
infection [5]. Consequently, it is relevant to determine the presence of
cysts in source waters intended for human consumption, where cyst
detection and enumeration can inform on treatment barriers that need
to be in place, so that the risk of infection stays below tolerable levels
[6].
The United States Environmental Protection Agency (USEPA)
Method 1623 [7] is the most validated and widely used for the detec-
tion of Giardia and Cryptosporidium in water samples [8,9]. However,
alternative, less expensive methods, such as the formalin-ether con-
centration and ﬂocculation have also been proposed [10].
Methods used for detection of Giardia cysts in water samples must
be validated and the recovery eﬃciency determined at the performing
laboratory [8,9]. To this end, several internal control standards are
available commercially, including EasySeed™, Easy PC™, Waterborne
AccuSpike™ [11,12], and ColorSeed™ [13]. Typically, these products
contain Giardia and Cryptosporidium (oo)cysts that have been quantiﬁed
and certiﬁed by the manufacturer. ColorSeed™, an internal control cysts
stained with red ﬂuorescence dye, allows diﬀerentiation between the
cysts naturally present in the water samples (green ﬂuorescence) from
the internal control cysts (red) [8,9]. The main disadvantages of all
these controls are their high cost and low stability (loss of ﬂuorescence
with time).
The purpose of this study was to evaluate carbolfuchsin stained
Giardia cysts preparation, as an alternative low cost and stable internal
control, to be used in concentration, recovery, identiﬁcation and enu-
meration stages of Giardia cysts detection in water samples.
Fresh stool samples (< 12h) positive for Giardia duodenalis were
obtained from the Clinical Laboratory of the Universidad de Costa Rica.
The parasites were concentrated by the Ritchie (ether-formol) method
[14]. and stored in 5% formalin at 4 °C until used (Fig. 1A).
Prior to staining, the cysts were washed with distilled water three
times, counted by Neubauer chamber, and distributed in aliquots con-
taining 100,000 cysts, which were centrifuged (1774 G, 6min, at room
temperature) and the supernatants discarded. The pellets were stained
with 1mL of the following dyes: Wright, Giemsa, Lugol 1%, methylene
blue 0.3%, green malachite 2%, safranin 2% and crystal violet 2%, for
10, 30, 120min and overnight, respectively. None of the dyes were
appropriate, because the cysts lost color after being inoculated in dis-
tilled water and incubated for 30min at room temperature.
Giardia cysts were subsequently stained using 50 μL of carbolfuchsin
3% and 2mL of distilled water, in duplicate. The suspension 1 was
heated on an open ﬂame, steamed but not to the boiling point (to avoid
precipitates), for 5min. The suspension 2 was incubated for 5min at
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room temperature. Both suspensions were then washed and centrifuged
(1774 G, 6min, at room temperature) three times. Under light micro-
scopy, the cysts from suspension 1 showed a uniform intense fuchsia
color with a transparent halo, ovoid morphology, and internal struc-
tures were not observed (Fig. 1B). The cysts from suspension 2 did not
show a uniform coloration, there were cysts with intense fuchsia color,
and internal structures were not observed and other cysts were less
stained with visible internal structures.
Cysts from the suspension 2 lost color after being inoculated in
distilled water and incubated for 30min at room temperature, so its use
was discarded. Staining intensity did not decrease in cysts from sus-
pension 1 after being kept over 48 h in distilled water at room tem-
perature. Those carbolfuchsin stained Giardia cysts (SGC) stored at 4 °C
in formalin 5% were stable for over 1 year without losing the retention
capacity of the dye upon water contact (Fig. 1C). Carbolfuchsin is a dye
that is routinely used heated for the staining of other microorganisms
like Cryptosporidium sp. and Mycobacterium sp. in the Ziehl-Neelsen
technique [15].
Using the software CellSensⓇ of CLX OlympusⓇ microscope model
BX43F, the morphology and diameter of concentrated Giardia unstained
cysts and SGC (after a year of storage at 4 °C in 5% formalin), were
examined (Table 1). In order to simulate the conditions during the
concentration process, 100 SGC were analyzed for morphology and size
(longer diameter) after being incubated with each of the ﬂocculation
reagents individually for 20 days at 4 °C and following the complete
ﬂocculation method, as described by Karanis and Kimura [16].
(Table 1). To ensure the quality of the SGC staining, 5000 cysts were
examined in six repetitions (30,000 cysts in total). All the cysts showed
uniform coloration; only 0.1% (44 cysts) showed weak staining.
Flocculation is an inexpensive technique with several steps and re-
agents that could decrease cysts recovery rate [17]. Also, the agitation
could disrupt cell membranes in some organisms. In other cases, ions as
Fe+2 and Al+ 3 may distress cell membranes and cause lysis [18].
Table 1 shows the eﬀect of each ﬂocculation reagents and the
complete ﬂocculation process on SGC. The morphology and size of the
Giardia cysts were similar in all cases, diﬀerences in size not being
statistically signiﬁcant by ANOVA test (p < 0.0001). SGC maintain
their color with these adverse conditions and show more stability than
the 4months reported by commercial controls.
In addition, the SGC were tested by immunoﬂuorescence assay
(FITC-IFA). Immunoﬂuorescence stained SGC showed apple-green walls
with an red cytoplasm (Fig. 1E) while unstained control cysts showed
brilliant apple-green ﬂuorescence in both, walls and cytoplasm, as de-
scribed by US-EPA [7] (Fig. 1D).
The variability of water conditions and sample characteristics make
it essential to use carefully planned and executed positive and negative
controls [19]. Also, Giardia concentrations in surface water are near the
limit of detection and not uniformly distributed [20]. for this reason the
use of internal control is essential.
The SGC were used as internal controls in a ﬁeld trial of aluminum
sulphate ﬂocculation for the analysis of 10 L of river water and 10 L of
drinking water [16] and concentrated using immunomagnetic separa-
tion (IMS) of sediments, with the Dynabeads® GC-Combo kit according
to manufacturer's instructions.
Recovered cysts were visualized by both light microscopy and by
direct immunoﬂuorescence (IFA). Recovered SGC showed the expected
morphology and ﬂuorescence pattern by IFA, as well as the expected
morphology and stain by light microscopy. As a consequence, SGC are
adequate as internal control for ﬁeld trials.
Standard methodologies for detection and enumeration of Giardia
spp. are expensive, usually requiring ﬁltration, immunomagnetic se-
paration and immunoﬂuorescence assay steps [21]. This translates into
high costs for both equipment and reagents. The high cost of internal
controls could hinder method optimization [19].
In this paper we provide an inexpensive (less than $1 per test) and
stable method for preparing Giardia internal controls, useful for the
Fig. 1. Giardia cysts: A. Giardia cysts with saline
solution under light microscopy, B. Giardia cysts
stained under light microscopy, C. Giardia cysts
stained with carbolfuchsin after one year of storage
under light microscopy, D. Giardia cysts stained with
ﬂuorocrome (IFA-FICT) under ﬂuorescence micro-
scopy. E. Giardia cysts stained with carbolfuchsin
and with ﬂuorocrome (IFA-FICT) under ﬂuorescence
microscopy. Samples were observed over light mi-
croscope and ﬂuorescence microscope 40 X magni-
ﬁcation.
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analysis of environmental water. Our control is versatile for its use in
diﬀerent methodologies as ﬂocculation, immunomagnetic separation,
light microscopy and immunoﬂuorescence microscopy. The im-
plementation of SGC can be a useful and inexpensive tool, particularly
in low income countries, where eﬀorts are needed to implement Giardia
detection in water samples.
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Table 1
Comparison of the eﬀect of ﬂocculation reagents on morphology, diameter and percentage of discoloration in SGC.
Cyst Conditions Morphology Mean size (μm) CV Weakly colored cysts (%)
Regular membrane cysts counted (n) Spike membrane cysts counted (n)
SGCa Distilledwater 90 10 12.9 6.9 12
PBST 90 10 13.0 8.4 0
Aluminum sulfate 86 14 12.6 11.8 7
Citric acid 88 12 12.4 11.1 0
Mixture of ﬂocculation reagentsb 83 17 12.7 11.4 5
Complete ﬂocculation processc 99 1 11.6 8.7 0
Control Concentratedunstainedcysts 100 0 10.4 8.3 –
SGC after 1 year of storage 93 7 11.3 15.3 0
Abbreviations: SGC= Stained Giardia Cysts; regular membrane= typical morphology of Giardia; Spike membrane= atypical and irregular morphology of Giardia
CV= coeﬃcient of variation; PBST= phosphate buﬀered saline with TWEEN® 20
a The SGC were analyzed after 20 days at 4 °C in the diﬀerent reagents (distilled water, PBST, aluminum sulfate, citric acid, mix of ﬂocculation reagents) and after
all the ﬂocculation process (1 day at room temperature).
b Mixture of ﬂocculation reagents at the concentrations indicated by Karanis and Kimura, [16].
c All the ﬂocculation process described by Karanis and Kimura, [16].
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